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Tb« lnflu«nt« ef shaar dlaforaatian «n tha bahaaior 
of a aand«iab-tyi>a aircraft atruetural jmnal antfar lead haa 
bean treated at length aMaljtieallj and axparleantally. Ke«r* 

• Ttr» aa far aa la lenoan, axparlaantatlen la Rot aoarleta in 
attaapting to aetoally aaaaura the ahaaring atraaaaa caualng 
thla dafonaatioR. 

A problOR of iRtaraati aa pointed out by englnaara 
ef Chanea feaght Aircraft, would be a atody of the dlatrlbw- 
tlan of tbaaa ahaaring atraaaaa in the eara ef a aandwleh 
plate, aueb aa Ketallta. Vera apeeiflaally, the projaat tka 
writer had In «ind at the baglnnlag of thla aortc waa to deter- 
■Ina the dlatribwtlen ef tranaveraa ahear atraaaaa along the 
beuadarlaa of a aiaply awpported raetangular hatallte panel 
auhjeoted to a vnlfontly diatrlbwted Renaal lead. 

yirat, hewoTar, it waa neeeaaary te find an adequate 
taating Rethed far weaefering theae atreaaea. Developing upon 
a unl<^a idea auggeeted by rrof. J. A. dlae, inlvaraity of 
hlnneaeta, aueh a nathed for ax*>arlRen tally deterRlnlng the 
aetual ahaaring atraaaaa occurring in the core waa attaaptad. 

Tiae conauaing dlffiooltlaa arlaing lo the parfaot- 
lag of thla taating precedure prevented the writer froa 
applylag it te hla originally choaea preblaa Rentloned above. 
However, the aathed waa taatad on a alrcular pttrial and partial 
auoeeaa waa raaliaad, the raawlta abtainad and the taating 
aathed aa davalopad being praaantad herein. 
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This thesis pr*«*nta th« results «f an inrastigation 
viMra an attaiapt »a« iMds to indiraeily aaaoura transvaraa 
ahaar atraaaaa in iha balaa eara of a liaiallta (aandwlab-ty^aj 
Plata l>y uaa of a aingla wire alaetrioal atraln gaga paaaad 
throagh tha thiaknaas of Iba aora at 45^. Candltiona aara 
llcitad to a ainply aappertad olrcalar panal aubjaotad to a 
vnlfonaly dlatributad noraal load. 

Although tha taat aathod far ahaar atraao daaalapad 
harain aaa only partially aaaaaaafal, tha raaalia Indleata 
that It nay ba a faaaibla ona bet f^rthar inToatigatlan ia 
naoaaaary to anbatantlata tha raattlta obtainad hara and to ln» 
proTO epon tha taahniqua aaad. 

Conaidaratioo was alao alva«i to tha daflaatlM) oaraa 
of tha panal undar load and to tha raaalting planar atraaaaa 
in tha faeaa of aandwieh plata. Dna to frietion oonditioaa 
oxiating batvaao tha aupport and tha plata, tha daairad slapla 
anppart «aa not fully roaliaad. fcowoaar« toat daflactlona 
ahan fair agraanant with analytioal thaory for tha lovar laad- 
ing aaluaa. 



r 



m %k * 

oUiJ^a 4 U 







•TPr w4iiMfe .»«A $m Ml 1« g 

^ M iMM tfiTWigiB 








!•% 





«■ 



• I # I 

^ii^ 



lMt%] mi AM .MMf IM1 



B« 



4 



i 



Ml ft^rij p^l-tiT 
IBtMri ffigt IM AM 
MM laMVIM^ ^M1 



1 



Th« froblM und»r oootldttratlen In tbii tb«tl« •on- 
si tts MAlal; of tlis dsvolopMnt »f m •xporlaontal testing 
■stbs4 for Mssssrir/f tks trsnsTsrss sksarlng stresses ossurr- 
ing in tks bslss sore st the cireiMfsrsotisI boundary of s 
Kstalits snndirieh-ty^ circular plats. The pansl was singly 
•cpportsd and ass subjected to a uni fora nernal lead. 

A ssseod and aubasquaet isaas is tbs asasurs*snt of 
tbsss bewidary strsssse, by this tsstlng asthsd, and their 
•sapsrissn aitb analytical predistions. also of ainsr esoocm. 
but still a natter of interest^ are the dsflsotion sturves of 
the bstallts panel during the test and the stresses occurring 
la tbs slualnua fssss. 

Csesidersbls anslytieal study, (rsf. 1 , 2d t) , has 
been Mds of shear defamation « tbs result sf sbssr stress in 
the sore of sandvish asterial, and sons sxpsriaeatal work baa 
been aoeoaplisbsd (rsf, A and 5). Kovsesr, tbs git.tr 4 
sf ahssring stresses In tbs eors bsa net been eeaplstsly rs- 
solrsd. Nonce this expurlasotsl spproaoh to tho preblee 
seeasd esrrsnted. 

Cnee the preeedure far aeasarlng the desired 
stresses ( as sxplslASd bslse uedsr Iquipasnt and rrsctdsrs, 
bad bean sstabllsbsd, rspsstsd noresl Isading tests in 1/4 
psi. iaersawits wars asds froa 0 ts 1-1/4 pel, an s SO inod 
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elrevlar pmaal siapljr awpi ort«4. 

Mira la cinuta ad^«si*«Ata «tr* oat at all tlaaa axarciaad 
irbart eooaarntd vith iba alaor iaavaa, tbia afferi oalna plaoad 
on an atteapt to prova tfaa aathod af taat rathar than obtain 
•iatlstiaal rasulta. 

Tba aaadviah panal aaad in tba Intraatiftailan vaa 
Katalita, prad&aad by Cbanaa ?ov£kt niroraft af ^^llaot iaxba. 
Typlaal of aoat tandwloii plataa it baa tba t»e thin hifb<> 
atrangth oatar faaaa (alvalnw allay in ibia eaaa) bondad to, 
and aaparatad by, a ralatlraly thiafc, low-danaity, le»> 
atiffnaaa aora (and grain balaa). Tba folXoaiaa aaa«*btio«a 
ara aada for tba aandaicb plata oenaldarad: 

(1) faoa ^rallal atraaaas in tba eora aay ba 
naglaatad aa that all planar atraaaaa ara earrlad by tha 
faeea* 

(2) tba faoaa arp rary thin in caapariaon with ina 



oara. 

(5) Tha neutral axis lias on tba alddla aurfaea af 

tba aora. 

(4) Shaar atraaaaa and shaar dafematien in planaa 
parpandiaular ta tha panal aay ba naglactad in tba faainga 
bteauaa af tbair ra lativaly high abaar aodall. (La tar taata, 
aftar raliabillty of ibia aatbad haa baan parfaatad, aay 
ahoa that tha faeaa aay aarry part of tba iranaTaraa abaar;. 

(5) Tranavaraa ahaar foraaa ara aarriad only by 
tba aora (tbla, too, aay ba diaprorad la tar) and tbaaa abaar 
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farces are distributed sniforaly across tte thioknses of tbs 
core. 

CeesideriiHif a point an tbe neutral axis of the cross 
section of the aw3d«ioh aaterial and applying the eenditisns 
prevailing there to a - obrs circle of stresst it is seen that 
the shearing stress present Is equal nsaerieallj te the tvo 
principal stresses and that these principal stresses sre at a 
aagls tc ti»e plane ef the plate. If the strain of ibis 
principal stress can be aeaeured aa it ecet.rs in the eoret 
than its stress can be deteraiasd and will be equal to the 
shearing atreea at the neutral axis. Further • fre* sssuap- 
tion (6}» this shearing stresa sill be constant aeroes the 
cross ssstien of the plate at that point. 

The Kehra circles ef strain and stress santianed 
sbSTS oan be shosn as fellows: 




Mohrs Circle ef strain s-chrs Circle ef «trtss 



Frea Theory ef -laeticity: 



CT 

MX 



1./C2 

In the etrain circle above. 
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Slaaa tka akora 4oTalop«aBt •or4aidars tha aatarial 
taata4 aa k«aogaBaotia, ajni>roprlata raluaa of • aud/>< Mat ka 
akasan* Tka proklaa than ia ta Inatall an adaqaata atraln 
gaga radially at a 45^ angla thraugb tha thlaknaaa af tka 
Mataliia plata at tha point tha atraaa ia daairad to ba fotnd. 

Thaaa gagaa aara ^ laoad aa naar tka eireMfaraotial 
ba«2ndary aa poaaikla aa that a aaxlaua raading aaald ka ab* 
tainad. A aoapariam can Id than ba Mda te tha loading 
aquatlaa far ahaar» i.a. } 

n.r^ *«q. 4 

2 7T r t. 

ahara 

p • naraal load, n^ai. 
r - radiva, ia. 
t« • aero thieknaaa, 
in. 

Tka ihaary inTOlving tha ainar laauaa, i.a., t>t 
paMl daflaatian earva and tka atraaaaa in tka aatal facaa 
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itt t«tc«n up In «pji»»ndijt A. 

T&i* inrssti^tton ms narrlsd svt dsrlivg the 
sshool y«*r of 194S-1949 &i ths UnlTsrslty of Slimssots, tmdsr 
tbs swpsrvision of Prof. J. A. tlos, thosla advisor. 
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Ts^TLId ■^.LI.aAT «»D 

Til* elroular p«n«l »«« a pre4uet of 

Olianeo Vou^ht «lrcr«fi, Oall»s» Ttxao. It had tha follovia 4 
Ohara c t a ri a ti e • : 

(1) Sl»a - i^laMtar* SO in. 

Oiitaida avarafa thlaitoaaa, 0.86 in. 

(8) Cora • and grain balaa. Canal tv « 9 Ih. par 
au. ft. 4^ 

-o 

Tbleitnaaa of eora, 0.83 in. 

(ftj Faaaa- 0.018 In. 7l7S>T6 alalad, grain of 
opf>oalta faeaa parallax. 

(4) adhaaiva - 8adi;x. 

Tha plata had aa initial d«aad aurratura af 1/8 inch 
at tha aantar. 

Tha tasting apparatus la ah«»n la Fig. 1. 4 two 

Inah thioltf fortjr*tae inch diaaatar eiroular flat staal plata 
»aa aaad as a baaa. To this haaa was saeurad a support ring 
aada af ona ineh aliaainua angla ablth had hsMi bant on a aatal 
ahriakar to tha shapa of a 14>8/8 in. radius ring. Tha top of 
this angla aaa boadad (S/16 in. dia. ) allaaing ainlaM eentaat 
araa batvasn tha aapf-ort and taat plate, taaliag pattp was 
aaad oataida the bead to aaaara airtlghtoaaa. 

9y aaaoa of an aspirator, oparating aff fron an air 
praaaura line, air vaa vlthdraim fron tha araa banaatt tha 
taat panel thraagh a anal I hole drilled through the baas 
plats. A aaaend hoaa line fron this baas plata opening lad 
ta a naranry nononatar, vhioh «aa open to tha ainoapbara. dp 
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»««n» of a Miliablo seal* tbo plat* lo«din 4 oo«ld b« diroetlj 
obaarvod at tba aanowatar. 

flra AjMa dial daflactlon sagaa wart plaead radially 
aa aheim in Flga. 1 and £. laldain roaatta atrain gagaa vara 
plaoad an iha top and lavar faaav aa abovn in Fig. 3. 4 m11 

bolaa vara drillad ibroagh tba vartioal vab af angla avpw'art 
to aarry oat tha vira laada froa tba, andar aida atrain gag* a. 

Tba apaeial aingla vira atrain gagaa (tea Appandix 
B) • aat radially at a angla tbrovgh tha eortt vara plaead 
In pairs arovnd tba eiratiiifaranaa ef tha taat plata aa abovn 
In fig. 2. Thaaa gagaa bad baan Inatallad by first drilling 
a 4S® hala thravgk tha tbiaknaaa of iho panal vitii a dTO 
(0.C28 In. dia.) grill. A ona and aRe-half ta two inch lanath 
of Iho ana all gaga vira (fvralahad by ksldvin <outhvark>, vaa 
thraadad throagh tha kola. Bonding flua vaa introdvoad into 
tba kola by aaana of a bypadarale naadlt and syrlnga, 

graat ears baing axaroiaad aa tba naadla vaa aovad up and dov»i 
alang tha vira in tba bola. A atell nnij— t af tanaion vaa 
kapt OR tka vira during tba drying praeaaa to ; ravant kinks 
and vavinaaa. *Hao dry» tka savant acta as an insulator for 
tka gaga vira aa it p«aaaa tba aluvivuv faeaa. tka axpaaad 
axtamal anda af tha sirs vara than aaldarad to tha *f**o^ox 
laad viras. 

0a« vaa vada of iko standard bg-4 teldvin ”g*<>tev, 
tka strains baing raad dlraetly in ■iaro«iaahas par Inab. a 
siaga Faetor af 2.00 vaa vaad for tha ainglo vira strain ga g aa 
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•ino« th«ir factor of l.?l ••old not bo ocooModotod on 

iho '*K*~^ex. (fioo ^ooulto oad Clocusol^ for 6o^o foetor 
oorrootlon ootbod). 

Sinoo thofto aink^Io oir# (agoo. Including tho du«w> 
gage, laakod atarvdardlzat.lon In roapoct to longth and otias 
rooiataneo, thoy eouid eat all b# balM^aod olth tho •*ii — j gaga 
on tba *X***aax. Thair roaiataaeoa varlod fron 26,2 ob«a to a 
aaxioaa of 57.4 alma far tf>a duonay fiodo* &y placing a alido 
vira potostianotor in parallel with tha danny gaga Ita roaiat- 
anca could bo ant down to awiteh tha othora and tbo '*S*-Box 
would bo balanaad. 

The tooting ^raaodura waa atandard for obtaining tba 
roaatta and Anna dial raadinga. *.na qpaartar pal. loading in- 
araaonta up to ana and ona-qoartar pei wart uaod. All gagoa 
aaraad to tfeair original aattinga at tha and of tha toata. 

Tha aaaa loada waro uaad for t^ ainglo wire gagoa 
but tha load waa ralaaaad after each raading, tho zero catting 
ahaekad. A loading aaquanaa waa earriad through ooaplatoly 
with oaa gaga before aoTiag to tha next owe, thereby avoiding 
rapaatad hoatlBg and aoollag of tha petantiawatar aaila. 

Until thla potantionatar bae«»a thoroughly hoatod, tho rooult- 
ing ahasgo in roaiaianat waa vary notioaabla aa a continual 
oraop of tho noadlo acroaa tho strain aaalo. In ganaral» runs 
wars net atartad wolaaa tha araap bad drappad to loaa than 
tan niero-inchaa par ninuta with adjuataanta being nada when 
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n«e*«Mr 7 fer a4T«une» of tb« aoro Mttlng. 

Sva to tbo natvro of Uit Invootltatlon , ropootod 
mno ««ro oado on oooh olngla «lr« strain sago. 
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Kui;Lrj 

I. -tr««s«« (<l*i 4 l« «lr« 45<* «tr*ln 

line* tbe Min eb^eetive «r ttoie ^rejeet «*• ie >er> 
feet aB4 prcve thie ef testing, ^eei e%re «•• t« 4 c*o in 

ebteinlnil tbe etrelB r*e41n«« (Teblee 1 tliroucix V) of U>e 
•infl* wire ^foa. iAob reading wee taken indiridually , tk»*l 
la, the air load vaa releaead after eaeb reading and tk* aero 
aetiing ef the *IT*-0 ck abeeJled« aet«eated rune were atad* to 
detenclne If there eaa anj allppage er creep In the aage it- 
aelf. Gage rdl, Table 4, nay bare been a eaae eteer* allppage 
oecvrred beteeen the firat tvo mna and the laat fear. Tee 
ef the gage*, *t end 12, nere br^en aeel dentally before re- 
peated ran* ooald be nade. 

The beat arerage va* eal eclated far eaeb aet ef mat* 
and waa plotted vith all relnta beiai, ahoen (fig. 4 tftreng^ 

9). Sine* the i-age factor, 1.51, ef the elngle wire gegea, 
(gat Appendix g) , eenld not be acconaiede ted o» the "("-gex, 
an arbitrary tege factor of t.OO vaa naad. fbe bast arerage 
rvna vara then eorrected ta the Qng* faetor of 1.51 aa fol- 
leva; 

^(eerraetad) * ^ (a* r**4) * 

Tbaae final aarractad ralvaa ar* plotteo for ton- 
parlacn In fig. 10. It will ba notad that Sagea i4 end >61 
shea the eleeeet eeeiblenee ef daplleation. It le eeeovei 
then, for leek ef better date, tbet their ererege at 1-1/4 
pal, of 190 ■lero-lneees per ineb le e benaflde ralve. T)mn 
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ty of iq. ¥ dboro, on p«G* th« ohoarinc ttros* omi bo 
dotonulnod. 

tbo valoo of £ for uoo boro woo oolootod oo 
poi , and/tot O.bd (rof. 5 and 6/. Inoortln« tbooo and 
of 190 in bq. Z flToa: 




» iS f*ol* 

for ooSparioon, bq. 4» pa^o 4, givoo: 

2t S X .£3 

'Z' s 5».8 pal. 

Tho atrooo xaloo oalevlatod fro* tbo oxporlooetal 
roaolia aboold bo oooaidorod with oavtion da* to tho thro* 
oariabloa liiTolvod In Ita ooapatatlon; nwaoly, ^^xt d, and 
/<• * ddj oary fro* 10,000 pal tangonilally to 450, <Mu pal. 

parallol to tbo wood grala. tlkoalao, tbo aix valooa of 
folaaoa'a bail* for baloa rary frao 0.009 to 0.#5, dopondlng 
apoa th* plana of tbo atroaaoa av^r oonaidoratlon. « dlf> 
foront o^co of a ooald bar* rarlod tbo roa*lt ocmaldorobly. 
Kono* boforo tbla tooting notbod, eno* porfootod, o*uld b* of 
Talao, a nor* rlgoroua dotorainatle* of tho eharaotorlatloo, 

K tm4 /X , mat bo ooooapllahod. 

Alihoagfh tho ^nax vood aboTO vas approxlaataly th* 
largoat obtoiaod, ihoro la ae indi nation that It la a tnio 
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r»«4in£. *m e»^ ^ s*«f3i on Fig. 10, v«rjr llitl« duplieaitian 
of rc«41ng« i»«t«e«n ecrrospondlng gagaa was sitAlRWd. For 
insisnewt tk«r« Is eoftsi<3srsbls sprssi swong Uis vslwss ef 
tsnsloii g«g«S( with s still grsstsr dlffcrsnss fo«fUl for 
tKs ss«prsssie& gsgss. fwrtbsr, it was sxpscts4 that ths 
sowprsssion- tension »stss (i.s., 4l 4 2, 4 14, ets. ) would 

be mmerisslly s^sl but of opposite sign. 0«ges il snd Jt 
and 42 e and #4 show sews sqwalitj as aatea but en the other 
hand thajr do not cross- eheeic, l.e., el and #5» sad s2 and #4. 

Gage dSd*s position cowld be strengthened if the 
straight line owrwe of 4 I sad #11 were extended to cross the 
war ti cal axis sad then the two earess aowed posit! irely and 
psrallel-te their present position until thsy wars aorssd on 
ths origia. hers sgsin, thowgh* 42A doss not sgrts elooslj 
with uay of ths soaprwsslen gsgws ss sxpostsd* 

rbrse fsstors thst asy haws offsetsd thoss rsaults 

sssld bo: 

(X) Tho initial eurvatoro of tho plat#, 

(t) Ths fast that siapla support was not osaplately 

rsslissd, dus to frlsiicn botwssn tho l^war panol foes 
and tho support, Ihsrehy arts t lag a longitudinal fores 
in ths lower face* 

(3) Ths fact that prteise leading was Halted by the woe 

ef s aorowry aanoaetor. 

^splto tho foot thst ooaplets aueeess of the 
aethed was net rsslised, it was sneeuraglng to fiaally gat 
ths sorreet and deflnlts ladisationa of tsnsion and sapaeial- 
ly soapreaalen. It It belisvad thst this aethed of test 
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•till hat pattiWlliiltt far farther inirtttiaailon. Tht aain 
dlff levity it e^eemtd vith ehtainie^ a raliahla bond httvteo 
tho eera aatarlal and tba toaflatt laogth of tho olro gace* 

Vita only give triad vat Ulifvwt ravant . S4S8» ordinarily vtaa 
aith tha ivldaia alaatrieal ttrais ga^at. It it baliavad that 
anca tha glut bad dried that toa bend bataaan tba aira and 
tha balta vat a yarsaaant ona (axaayt for tba pataibllily of 
adA) tiaaa tha tav a ratalta vara abtainabia an rapaatad rtma. 
Kavarar* vbatbar tha vhvla toga vat ioalvdad in tbit bond it 
Rat dafinita. 

ithar iv^roTdMfita aavld ba vada withavt too graat 
diffiavlty by aarraating tha ibraa faotort abbtianad tve 
paragroi>ha aboaa. ^lao it la anggaatad that tha gagat ba 
•ovad radially iavard frov tha tvppart. It vay ba that strasa 
aonoaBlratioat frov tha tmtaet araa ef tha aapvhrt vara tha 
raaaan for fallvro of the otrain ef tha vatad wiraa to oola- 
aldo. Tha tritar vtad a elvariMeo fraa tba evppart ta tha 
vira apaning on tha faaa of 1| tho ttHekvaat of tha plate. 

A tiea 75 drilled hole (O.Whl in.) In tha aara, far 
thraadiag tha aiagla vira 4 ia«a, vay giva ada^vata giving raev 
and vaka a anvggar fit for tba vira. Tha *00 (.i313b in) 
drill originally vaad did vat allov for aa^la pvaeaga of the 
give thila tha #70 (.OM in.) drill finally vaad vay hare 
bean too largo. 

One final Ivprovaaant vovld ba ta naka aartair that 
tha gaga vira la parfaatly atraight ah an bonded, vtharwiaa a 
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rateorsail tMslon r«iMliMC vill *• kink;* mi4 

«rr« b*lnc i*k«n up m»4 tihmor'kmt wi%k Um lrO«dl«(. 

II. wad Tm90 4tr««Ma 

Thm daflaoilon data aa takan with Um Aj»aa dial 
fafaa (Tabla VI and Fif. 13) a^»p«ara ralta^la. Hwaravar, tda 
ana-tartar pcmnd l>adlng Iner a wa n ta ara vat r>^aolaa aalaaa 
althavdti tkay vara adaquaia for jmrraaaa af Uiia taat. Viian 
ualnd aveh lav praamra aaluaat an alaohol mnanatar advid ham 
haan vara aeaarata. 

rrav ilm daaalopvant af Mia daflaatlon a<|utt>ion In 
Appandix A, it la aaaa that tha additional daf loot Ian daa to 
afaaar dafamaiion la araatiaally naglldlhla in tha thin panal 
taatad, %rva thaaj^ ahaar atraaaaa vara ^raawnt. 

Two thaoratiaaX daflaatlon ourvaa (affaat daa to 
ahaar dafomatlon not iwaludad) ara plottad on Fig. 13 with 
tha taat daflaatlon auraaa. ar.lla fairly eleaa agraaaant la 
found for tha 1/4 pal auraa, a largo dlfforoneo la natioad for 
tka 1-1/4 pal loading onraa. It ia hallarad that this diaerap- 
aney is daa alvaat antiraly to tba aapport friatian faatar • an- 
ti on o4 an paga It. «a Inaraaaa la vernal laad veold ivaraaaa 
tha affaat of tho loa^tadlnal load and tha plata daflaotlon 
veuld tand to ho loaa. tho atralna wa ahtalnad frav tha 
roaattaa vara aonrartad t« prlnelpwl atraaaaa by aaa af tof. T 
(too Tahloa VII » Vlll, and It* Mid tlga. 11 and It). Tha 
raadlnta and raaalta ara haliaaad to ho aomirato and rollahlo. 
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doicu«zai4 

(1) Tkla sln^l* »lr« MUi«d of toot for 

4oi«nilniBC »lio«rln« oirooaoo otoovo jNMltloo olipio of 
vorkoMllty. Vowovor, iio volidity oad rolioOillty ooa 
Rok yot ko Roeoptod uoill prooont rooolto oro onOot«n* 
tlotod by fRribor IrtroU potion. 

(t) Tosto oro ttloo noodod to ootofOlii^ ooli* 
oblo ooro voXvoo of * «ad yu Vo bo Rood in oeojRMiton 
Rltb Uklo Voot proeodoro. 

(b) Tfco romlVo obVoiood boroin voro Rotor» 
lolly offooVod boVb by tbo orlilnol Inborooi OB.rT«iRro 
of VlM yloto oad foot VboV olayly oRpi»ortod oondi* 
tlooo ooro noi roolisod. 



AF>*t^NDIX h 



r-EfRY OF F .C" STR^S "S & JEr ; '..TIlH 
lo Fuce Str("sses 

Fr^ra ti.« theory’’ of elasticity, the equatirns i r stresses in the cross- 
section of a rectangular olate are: 
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2^f-t 


Eq. /J. 


_£> 1 

1 
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T = deflection, 
g = vertical distance from 

neutral axis to stress point. 



Converted to oolar coordinates and a circular plats, the stress 
equations are: 

(T, . S 



(T _ fir ^ f ^ 1 



Eq . A2 
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Eq. A3 



Applying the LaGrange equation for the deflection,^, and a loading) 
p, it c_n be shown (ref .3) that for the circular plate. 



y- >lr' 1- c 

where , 



^ r 



¥ . 



Eq. aL 



r ; radius 

N = fl-xural stiffnass. 



Substituting in Eq. P3t- 



|f;>W 



Bq. A"^ 



Applyinp boundary conditions to a 5, 
when r r R, cTj, = 0 - 

/)- - 3 rA_ 

Applying boundary conditions to Eq. All, 
when r = R, "S= 0, 

N / i-M 



Thus for outer fibre, top face, Eq. a 5 becomes, 
(See Fig. 2 for symbols) 



Let., , N = 



iff 



'(1) '70-::^ 

Applying Eq. A9 to the plate teeted, where, 



r= /o' 









i O. "1 (0.2Z“i>»^*o c*f< t^du^k&rsl) 

O,0n '> 1 . ^^7 ^e-i tjf ~ £3. ' 2 VS/>. 



r 03 . V 

(1) Seide, Paul «nd Stowell, E.Z.; Elastic and Plustic 
Simply Supported Metallte Type Sandwich Plates, NACA Tech. 
Februaiy 19lj9. 



Eq. A6 



Eq. A7 



Eq. a8 



Eq. A9 



Eq. 1C 



TMcPling of 
Note 1B22, 
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Taking the point of rosettes #2 and v/here the radius is 7.3125 
inches and using a loading of 0.25 psi., 

- -i 2-^ H'i JbSJ, 

This shows fair agreement with test results of Tables VITI and IX, 
pag# 33 and 3U, where values are, 

- 2S'23 {oc-f) 

S -h-ZS')5' 0^^ iK-e) 

At 0.50 psi. load, calculated gives, 

~ J: -^^4^ 

while test shows, 

^ - V7 zo / 

At 0,75 psi., Calculated shows, 
while tests gave. 

As can he seen the descreoency between the test results c.nd the 
analytical results is getting larger with increased load due to the 
failure to achieve a simple support. The effects of the inherent 
longitudinal load are increasing with the load. 
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II. DFPL^^CTION 



To obtain the d»*flection equation (no shoar drforaation) apply 
the constants A and Cj 'Equations A6 and A? to the deflection ’^.ouation 
AJb, L'iving, 







f 



ijji 




Eq. All 



Applying the constant test plate values to Eq . All> the following 



deflection equation is obtained, 

f-- 0.00000^^i^ 10^)0 r-t iS3,iooj 



'='q. Al2 



or at the center, 

•f 0.690 f 



Kq. a13 



Considering deflections due to shear as found in reference 9, page 
lii3> but using a constant cross-section value instead of a parabolic curve, 
the shscir deflection is. 

Using a shear modulus for V’etalite of this core and face ol 
G ='<29,OCO^^si . from referenc' 5j Fig. U.Ol, at the center q. Alli gives. 

Total center deflection w'll be, 

(0,690 t O.ooc.9f)^ 

Or, in th“ case of the th n panel tested, the deflection due to 



shear is only n.oB'/! of the total, or .’ust 1< so than one percent. 
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Nepl»>cting this neglipiblf? shf^ar del lection and considering Eq. All 
alone, the following values icr S a^re found i'or the 0.2$ pai., th^ 1.00 
psi., and the 1.25 psi. loading - 



Table of Deflections' 



_ 

Radius(//i, 


L'’>adinr(Dsi ) 


0.25 


l.OC 


1.25 


0 


0.1725 


0.600 


O.8o3 


3.75 


0.1583 


0.635 


0.79U 


6.3125 


C.1337 


0.535 


0.6o9 


10.00 


C.0813 


0.325 


0 .liOo 
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AtkmitiJL 0 

• rebl««« Smmmmralng of Uio tlnglo 

•iro i'trolA Oofto 

lf«»«ro«o dlffleolUoo »«ro ocoocAVorotf in otiocpV- 
i»C to p9>rf99t tht Inotallotlaa of iht olnslo olro otroin 
ta<o for ttoo In tklt tootimf •otbodl. Tho grootoot of tbooo 
v«o obtaining a ooaikloto and rtliabio bond botvoon ibo olro 
and ibo eoro natorlal. 

*■ Mntionod in tbo body of tbia rogort, a O.OUt 
inab boio oaa first triad a« a ooadait throng ibo ooro for 
Uw gagt. of tor tbs imi#o olro oas tbroadod t4iroucb tho hols, 
glao was ylaaod ooor tho ofoolag on oaob faoa of tho panol. 
Tho olro oao than slowly drawn basic and forth throach tho 
oars so that tbo gloa would bs aarriod in through tho Inngth 
of tho oondsit. howaftr, loading toata indlaatad that i»- 
saffialoat glua aaa raaabiag tha la tori or* sinaa all gagaa 
alipyad olib tha first laadiag. 

Jm aitanpt «aa «ada to oorroat this diffiaalty by 
haatiag tba gaga vlra abiob la turn would boat and laoaan 
tha glua into bat tar dlatrlbutioo. hasting oas attanytad by 
jMcaaiag anrrant through tha oira, but it did not yroao at 
all yraatiaalf tha olro gagoa boiag too dalloaio. oootioa , 
to draw tba glua through tha aora, oaa than triad an tha 
O.Ollb ineb kola. Xn this oaaa, tha ^iak-drying glua 
would atari bardaning aa soon as it r# ash a d tba apKaalta 
fata, tbaraby blookiag t3M paaaaga af auffiaiant glua far 
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brndlng. A a lar#ar halt. O.QM Inah, carraatad 

ttUa troM^la, \mt atlll nat ano«4h af iha glaa vaa %aing 
<iairllw.iad Inalda for aatiafaotanr boadina ^r^aao* 

Ttea laaat aatiafaatarj glalag aathad triad aod tba 
aea tba final raoulta aara abtainad frea, aas ta tarlay • 
hyp9 naadla to intradaea tba glua Inta th» gaga hala, aa 
aantloBad aarliar In tba rtjiort. foaltiaa raaulta vara ob- 
tainag In all oaaati alikavidi vary vaak In aa aa inataneas. 

A ra«flui»g af tt>aaa vaak aaaa afeovad narkad laprevavant, 
tha aid band balag laoaanad vlbh a kypo injaetad aalvant 
(aaatana). Altboagb tbla laat aatbod gava partial oveaata 
it aan nat ba aaoaptad aatil bat tar dapllaation af ratal ta 
ia obtalndd. 

Aaotbar problaa aaotionad in tka raper^ la tka 
daalrablllty of kavlng all tka alngla vira gagaa of tka 
aava raalatanaa* or vitbln a fav akntt of tka daaaty gatfa, 
ikaa allainating tka uaa of tka potaotionatar ar addltlaoal 

raalataaaa. 

Tka aafaaad ^^rtlona af tkt gaga vlra aiieald ka 
akialdad fran grafta alnaa gaddnn taaparatura ekangaa aaka 

a notiaaakla affaat an atraln raadlnga balag taJcvn fraa tka 
•X-.Box. 

tinaa tka Og^a ^actar, naadad for vaa alth tka 
"k*-Oax»'af tkia alagla vlra aaa MAkno««( It had ta 

ba datarainad. Tka da||a gaator la a oanatant far aaan typa 
and aiaa af vlra and las 
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it i •f*raetie4Ll to Moaur* tiMao foatora 
far tka alra aoaaamad, tha falloainc aaaaa «aa aaployad* 

A ona-alra pf > tr -»aovara4 strata isita «*a aa4a ap an a stasl 
rad aliaaa loadlaa-atraia aarva aaa luioan. fallaaiiHI tha 
pattam af tbs atandard #acaa> tbia apaeial aaa aaa aads tif 
first slviiHt a piaea of rioa p^»r ia tba rad and tbaa 
atratsblnc a lan^tli af tbs airs lan#ittidiaally ovar tha 
pa^ar* Aora ^lus aaa i^irXisd aad a tap aoTsr af riaa papar 
plaaad ovsr all* 

*^so tba cafis aaa dry, tha *E*-ftex Isada aara 
aoldsrsd ta ths azpoaad aada aad tkia rad was tban taatad in 
tanaiaa ia a Klabla taatlas Kaablaa. Tbrsa arbitrary Oa#a 
Faater aattii^a wars aaad otk ibrss laadiaa nma (tabla X). 

froa tbs platta4 raaalts (^id* 14), tba sa#a 
faatar af tbs virs gaps andsr taat was dstsraiaad by aoa* 
paring t1»a tbrsa taat aarvaa to tbs loiaaa strain oaras, tha 
ralatiansbip bsiag a dlraat fropartioa. 

Tktts, 
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STsraga 1*31 

bsnaa, ths 0*P. far this seas la l.Sl* 
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TABL^ I 



SINGLE VTIRS STRAIN GAGF5 
GvGF. R”. DINGS (L'icro inches) 



Gage if 1 



I^ad 


1 


RUn 






Best 


Corrected for 


psi 


1 ' 


2 1 


3 ' 


U 


' Average ’ 


' Gage Factor 


0.00 


0 


0 


0 


0 


0.0 


0.0 


0.25 


5 


2 


3 


U 


3.5 


5.3 


0.50 


20 


lU 


11 


20 


10.2 


2U.B 


0.75 


uo 


28 


30 


32 


30 oO 


U5o8 


loOO 


35 


U3 


U5 


U2 


U3.3 


6b. 1 


1.25 


55 


62 


58 


58 


58.2 


89.0 








Gage if 


2 




0.00 


0 


■«ire 






0.0 


0.0 


0.25 


- 


was 






- 


- 


0.50 


-20 


broken 




-20.0 


-30.8 


0.75 


-UO 








-UO.O 


-61 ol 


1.00 


-50 








-50.0 


-76.U 


1.25 


-60 








-60 «0 


-91.6 



27 



TABLE n 

SINGLE WIRE STRUM GAGES 
GAGE READnCGS (Uicro inches) 



Gage # 3 



' Load 
psi 


i 

4. 

1 


i 2 


Run 

' 3 * 


k ■ 5 


Best 

' Average ' 


Corrected for • 
' Gage p’actor 


0.00 


0 


0 


0 


0 


0.0 


0.0 


0.2$ 


0 


2 


1 


2 


1.7 


2.6 


0.50 


3 


6 


6 


6 


5.2 


7.9 


0.75 


5 


8 


0 


7 


6.7 


10.2 


1.00 


13 


11 


12 


Ih 


12.5 


19.1 


1.25 


IS 


IP 


17 


20 


18*. 5 


28.2 








Gaf© 


7 3 A (Reglued) 




0.00 


0 


0 


0 


0 


1 

0.0 


\ 

0.0 


0.25 


26 


20 


2U 


25 


23.8 


3o.h 


0.50 


31 


28 


33 


30 


3C.5 


U6.6 


0.75 


39 


Uo 


ho 


39 


39.5 


60.h 


1.00 


53 


60 


6h 


57 


58.5 


8p,U 


1.25 


80 


80 


80 


8h 


81 .0 


123.7 










Gage ff h 






0.00 


0 


0 


0 


0 0 


0.0 


0.0 


0.25 


-SO 


-27 


-k2 


-33 -36 


-37.6 


-57. U 


0.50 


-62 


-56 


-52 


-50 


-55.0 


-%.o 


0.75 


-76 


-PO 


-90 


-73 -OO 


-81.8 


-125.0 


1.00 


-105 


-100 


-10? - 


•10 s 


-10h.2 


-I59o0 


1.25 


-112 


-12k 


-137 - 


■118 -11? 


-120. b 


-iSh.O 



t I 



TABLE m 



' Load f 
psi 

0.00 

0.25 

0.50 

0.75 

1.00 

lw25 

0.00 
o.?5 
0.50 
0.75 
1.00 
1.25 






SINGLE WIRE STRAIN GAGES 
GAGE READINGS (Micro inches) 

Gape 5 



1 


Run 

' 2 t 


' Best ' 

3 Average 


1 Corrected fcr 
Gage Factor 


0 


0 


c c.o 


0.0 


8 


9 


8.5 


13. C 


15 


15 


15.0 


22. P 


22 


21 


21.5 


32.8 


32 


30 


31.0 


U7 .li 


hh 


39 


UO hi .0 


62.6 






Gage ji 6 




0 




0.0 


0.0 


-5 




-5.0 


-7.6 


-8 




-8.0 


-12.2 


-10 




-10.0 


-15.3 


-12 




-12.0 


-18.3 


-13 


-13 


-13.0 


-IP. 9 



TABLE T2 

SINGLE ’VIRE 6TRAn-I GAGES 
GAGE READINGS (Micro inches) 







Gage 


// {if 6 Reglued) 


' Load 
psi 


r* 

1 

1 


Run 

1 ' ' 


\ 

t 


1 

I Average 
It? 


0.00 


0 


0 

i 




0.0 


0.25 


-38 


-29 




-33.0 


0.50 


-58 


-UB 




-53.0 


0.75 


-112 


-75 




-81.0 


1.00 


-113 


-87 




-lOU.O 


1.25 


-lUo 


-120 




-130.0 


0.00 




Gage § 6, (Continued) 

h ^ 6 ^ 

0 0 ,0.0 


o.?5 


-31 


-33 ■ 


-32 


-32.0 


0.50 


-U8 


-50 . 


-U8 


-U8.5 


0.75 


-62 


-61 ■ 


-o2 


-61.7 


1.00 


-78 


-75 • 


CVJ 

1 

0 

cc 

1 


-76.2 


1.25 


-79 


-91 • 


-80 -81 


-85.0 



U, tt 6. 



' Corrected for 
Gape Factor 

0.0 

-50. 0 

-Sl.O 

-123. 

- 158.8 

- 198.6 

0.0 

-18.9 
-7I4.I 
-<55.0 
-1114.8 
-130.0 



* Average of Kuns 3> 



30 



Table "s: 

SINGLE vriRE STRAIN GAGES 
OAGF R^'ADINGS (Micro inches) 

Gage # 10 



Load 

pal 


1 

. 1 


' 2 


Run 
' 3 


' U ' 


5 1 


Best 

' Average 


Corrected for 
’ Gape Factor 


0-00 


0 


0 


0 


0 


0 


0.0 


0.0 


0.25 


-35 


-13 


-10 


-13 


-11 


-11.7 


-17.9 


0.50 


~h2 


-13 


-22 


-13 


-15 


-23.2 


-35. li 


0.75 


-110 


-112 


-120 


-115 


- 


-115.7 


-176.7 


1.00 


-107 


-110 


-110 


-110 


- 


- 113.0 


-17U.1 


1.25 


-113 


-107 


-115 


-111 


- 


-111.0 


-168.0 










Gape 


11 






0.00 


0 


0 


0 


0 




C.o 


0.0 


0.25 


-8 


-8 


-7 


- 




-7.7 


-11.8 


0.50 


0 


0 


0 


- 




0.0 


0.0 


0.75 


11 


16 


17 


18 




17.0 


26.0 


1.00 


35 


35 


36 


- 




35.3 


53.5 


1.25 


ii8 


U9 


h2 


U8 




U8.3 


73.7 










Gage 


12 






0.00 


0 


- 








0.0 


0.0 


0.25 


-2 


- 








-2.0 


-3.1 


0.50 


-h 


- 








-li.O 


-6.1 


0.75 


-7 


- 








-7.0 


-10.7 


1.00 


-13 


- 








-13.0 


-10.9 


1.25 


-23 


-23 








-23.0 


-35.2 



5 / 



Table 



PLaTE deflections (Inches) 



• Load ' 
psi 


Center 


' 3.7? in. 
radius 


' 6.3125 in.' 
radius 


10.00 in. 
i’adius 


i IU.625 in. 

radius 


O.OC 


0 


0 


0 


0 


0 


0.25 


-0.175 


-0.1O3 


-0.133 


-O.O 80 


0 


0.50 


-0.300 


-0.278 


-0.235 


-C.H7 


0 


0.75 


-OoUio 


-0.380 


-0.323 


-0.200 


0 


1.00 


-0.U89 


-0.U55 


-O.3B7 


-0.?U2 


0 


1.25 


-0.558 


-0.520 


-O.ULi2 


-0.279 


0 


1.50 


-0.62U 


-n.595 


-0.508 


-0.318 


0 



Notp: D'^flections were taken by means of Ames dials placed above 

the top face. 






I 



t 








TaBI ^ Yir 

R0S^;TTE STfi-VlK GAGES 
G.’OE R'-ADI>;GS (Micro inches) 



Top Face 



No. 



Gage 

No. 


Strain 

I' 

0 psi 


Readings For Bach Loading 
' \ psi ' ^ psi '3/hpsi ' 


Increment 
1 psi ' 1-} psi 


T1 


0 


-19C 


-31^0 


-530 


-730 


-090 


T2 


0 


-100 


-160 


-?U0 


-310 


-1420 


T3 


0 


Uo 


60 


120 


160 


210 


Tii 


0 


-160 


-270 


-360 


-U20 


-l4?0 


t5 


0 


-2bO 


-390 


-550 




-7h0 


T6 


0 


-260 


-ix20 


-570 


- 61 - 


- 77 c 


T7 


0 


-2o0 


~h?0 


-5U0 


-610 


- 60 O 


T8 


0 


-280 


-U50 


-5c0 


-620 


-:.70 


tq 


0 


-280 


-U30 


-550 


-620 


-CiCij 






Bottom 


Face 








B1 


0 


260 


310 


3U0 


320 


280 


B2 


0 


130 


loO 


180 


IQO 


I'^O 


B3 


0 


-60 


-70 


-■^0 


-'’O 


20 


BU 


0 


lUO 


2Q0 


ij80 


650 


°bo 


B5 


0 


2E0 


U20 


O20 


7UC 


q-0 


B6 


0 


230 


380 


'^OO 


O'^O 


n-ip 


B7 


0 


220 


I 45 O 


690 


87( 


1050 


B8 


0 


250 


hoc 


700 


880 


IOI 4 O 


B9 


0 


260 


hBO 


o30 


89. 


ICIO 



6 



35 



VTD 







R ’S^TT 


■ ■ , 








.'R 


.troi-^ TO 


r'T.Ri* !Vi f- STR^’S .’'., 
rRT0CIP.->i. bTROSS 








Top Face 










n 


Rciette (145°) 




' Load 
psi 


t 

®min 

1 


t 

*max 


' <T inip 
psi 


' (T max 
psi 


' Angle to 
^mirr 


0.00 


1 

1 0 


0 


0 


0 


0 


C.?? 


-192.7 


l4?.7 


-2006 


-?h2 


6.13°cw 


o 

• 

o 


-3I4O.5 


60.5 


-3608 


-596 


2.85 cw 


0.7" 




126.8 


-5^30 


-586 


3.07 CM 


1.00 


-73 '.7 


160.7 


-7620 


-933 


1 .61 cw 


i.?5 


j -9C0.7 


210.7 


-10,360 


-13lilj 


1,143 CV,' 




a 3 Rosette (120' 






o.oc 


0 


0 


0 


0 


0 


0.2< 


-2Bl,.l 


- 153.0 


- 37 I 4 O 


-2823 


5.l45°CT^- 


o 

• 

o 


- 511.0 


-206.0 


-o5l0 


-U23O 


3.29 cw 


0.75 


- 703.7 


-282.9 


- 89 I 4 O 


-5770 


1.57 cw 


1.00 


-327.2 


-326.2 


- 10,1480 


-6720 


l.oR rr 


1.25 


J -060.6 


-359.14 


-12,110 


-7590 


1.65 cw 






# 5 Rosette (U9°) 






o.oc 


C 


0 


0 


0 


0 


0.25 


- 28 U.I 


—255.9 


-lii55 


-3950 


22.50°cw 


C.50 


-li50.5 


- 399.5 


-o560 


-6190 


39 . 3 U CM 


0.75 


-5o0.B 


-520.2 


- 8 ? 9 l 4 


-8060 


35.78 CW 


l.OC 


-62? .1 


- 607.9 


-0270 


-Olfio 


22.50 cw 


1.^5 

(1) anple is 


-670.0 ^ -650.0 
a3ur<»d cloc’orise. 


- 998 c -9B3O I 45 .OO cw 

C-, nr c-.unterclockwise, ccw. 



the ripht side ■- a tanf’cnt^a? 4xis passed throuph center of rosette. 



f 






TABL'^- 3X 
ROSFTTF STR.^^; 0. 



3Y 



PRirCIP.'/i bTRAlNS f STR^>S.vS 
AI^GLF TO FRUiCIFAL STRFSS 

Botto.r tace 

I § 2 Rcs^ttf* (LiF°) 



Load ' 
psi 


1 

e . 

min 


1 

€ 

max 


<7^ min ' 
psi 


O' nrax 
psi 


' Anple to 
<T max'^l) 


0.00 


0 


0 


0 


0 


0 


0.2? 


-62.6 


2C?.P> 


21Q 


2722 


5.31'^cw 


O.'FO 


-l'is.2 


31U.2 


3 UI 1 


3255 


5 .'^" cw 


0.75 


-51i,l 


3U3.6 


682 


36oC 


5.09 cv. 


i.oo 


- 2 ii .6 


321.6 


Qill 


35cC 


L * 0 ? cv; 


1.25 1 


lli.O 


260.0 


1230 


3'^IC 


^ . V . cw 






ti U Ron 


ette (126° 


) 




0.00 


0 


0 


0 


0 


0 


c.?5 


ll'^.O 


27 I 4.3 


2‘-'75 


35^3 


U.95°cw 


C.sO 


23u.U 


haC .3 


U 6 !iC 


oGOC 


. 6 c C.V 


0.75 


172.2 


63 U.U 


To^^O 


6860 


12.60 cw 


1.00 


037.1 


7 I 42.9 


9900 


10690 


20.1i5 cw 


1.25 


611.3 


662.0 


12380 


129CC 


20 . U 6 cv.’ 






ti 6 Rosette (Li5°) 






C.C'’ 


C 


0 


C 


0 


0 


0.25 


217.6 


262 .U 


3 U 33 


3-67 


l3.29°cov 


0.50 


hh9.2 


U 6 O .8 


6650 


7095 


9.21 cw 


0,75 


669.2 


700.8 


10160 


103 ”0 


5 U .22 ccw 


1.00 


837.6 


« 62 .U 


12730 


13070 


53.29 ccw 


1.25 


10^7.6 


1052 . U 


15270 


15620 


76.'’! ccw 


B = lo”^ 


psi /C( 


- 1/3 









(1) Antjli* i'l tDP'i'jUred clocV sp, cw, cr co\ nt^rclockTvl^e, 
cci|r, froTi the rifht siPp of a tanpential axis passed 
throufh the center of tb** rosette. 
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TA^LE X 
GAG’* FACTOR 



TEl'ISION LOAD vs STRAIU 



1 


1 Gape Factor ' 
1.77 


Cap«* Factor 1 
2.04 


Gape 

? 


Factor 

.20 


Load 

psi 


Micro 

inches 


Micro 

inches 


Micro 


inches 


0 


0 


0 




0 


20fO 


180 


liiO 




140 


Uooc 


3^0 


300 




280 


6000 




450 




420 


8000 


; 71^ 


610 




^60 


10000 


1 880 


780 




710 



3o 



Fig. 1 

TESTING t^UIPkraJT 



» 




I 

1 




(Not to scal^) 




< 
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Fi g. 2 

SINGl” ’VIRE STR.'^IN GaGES 



~Out“r p«ig»* of panel, 

— — Support. 

— Center I’ne of outer gages. 





i 



3B 



Fir- 3 

POSITIONING OF ROSFTTE ^ AlffiS GAGES 







TOP 

Face 



\ 



k-cr3I25" H 

p. -10.00">i 

r-E At SUDpOrt 



1 / 



( ) Rosette Kvunbers 
® Ames Dial Deflection Gages 




\ Lower 

Face 
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Fir. 12 

ANGLES TO PRII.CIPAI AXIS 
(Rosette Gapes) 




Loading 0.?5 psi. Loading 1.25 psi. 



TOP FACE 

('^(nin “ Compression) 




LO*'ER FAC’^' 



- Tension) 
'' niioc ■' 



( ) Rosette Nunbi^rs 



^7 








8 




•I w 






